Po8tgraduate Medical School, London, W. 12 (Received 11 April 1957) The scanty information about the chemical nature of the bile acids of birds has not been previously collected together and this is now done in Table 1 . Claims have been made for the detection of free bile acids in bird bile (e.g. Maeda, 1938) , but it is believed that these acids generally occur conjugated with taurine. Haslewood & Sjovall (1954) could detect no glycine conjugates in the bile salts of eight species of birds, and Wiggins (1955a) , in a careful examination of chicken bile by countercurrent distribution methods, failed to find either free bile acids or glycine conjugates.
The present report is of an examination of the bile salts of the King penguin, Aptenodites patagonica, and includes remarks on the chemical nature of tetrahydroxynorsterocholanic acid.
RESULTS
By methods previously used in these studies, King penguin bile was shown to contain chenodeoxycholic acid, cholic acid and tetrahydroxynorsterocholanic * Part 9: Haslewood (1956). acid. At least four other 'bile acids' may be present in the bile; none of these appeared to be substances known to us. The proportion of cholic and tetrahydroxynorsterocholanic acids, taken together, was much greater than in chicken bile, but their striking chemical similarity prevented complete separation of these acids or their esters and hence any reliable estimation of the amounts of each.
Ethyl cholate and 'ethyl tetrahydroxynorstero. cholanate' ran at virtually the same rate on our paper chromatograms. These esters apparently formed mixed crystals; the melting point of one of our preparations could be raised to Infrared spectra ofthe chromic oxidation product, m.p. 157-166°, mentioned above and of pure ethyl dehydrocholate were compared. The spectra showed a general similarity, but also well-marked differences. A comparison between the infrared spectra of methyl cholate and of a methylated sample of Kazuno's acid has already been reported (Haslewood & Wootton, 1956 ).
EXPERIMENTAL
General. Melting points were determined on a Koflerblock type of apparatus, and are corrected. Infrared spectroscopy was carried out as described by Wootton & Wiggins (1953 sealed metal bomb with 2-5N-NaOH (10 ml.). The acids obtained by acidification of the diluted contents ofthe bomb after the addition of excess of sodium chloride were washed by manipulating the usually sticky mass under water.
Esterification was effected by dissolving the crude acids, freed from excess of water by decantation, in cold ethanol containing 2% (v/v) H2SO4 and leaving overnight. The product was isolated by ether extraction of the mixture after dilution with water. The ether was washed with aqueous NaHCO3 and water, dried (Na2SO4) and evaporated. Yield of 'crude esters', approx. 560 mg. Acidification of the bicarbonate washings gave no unesterified acid.
Chromatography on alumina Separation of ethyl esters. 'Crude esters', prepared as above, were dissolved in benzene (about 20 ml.) and the solution was poured onto a column (diam. 14 mm.) of A1203.
Fractions eluted by solvents of varying polarities were examined chromatographically on paper and otherwise as described. Representative results for A1203 columns of the two types used are given in Tables 2 and 3 . A1203 (S) columns caused some loss of the esters, probably by hydrolysis.
Paper chromatography of column fractions. Methods previously described (Haslewood, 1954) were used. Fractions suspected of containing dihydroxy esters (eluted with ethyl acetate or ether-benzene) were run in system A (Bush, 1952) . Later fractions were run in system B5 or, more successfully, in system B3 (Bush, 1952) . Spot 'X' (Tables 2  and 3 ) ran at about 68% of the rate of ethyl cholate in system B3. Combined fractions 31-35 from A120, (N) columns showed, in addition to spot 'X', a spot running in system B3 at a rate slightly slower than that of 'X' and also a spot running at about 25 % of the rate of ethyl cholate. Identification of chenodeoxycholic acid. The gums obtained in fractions 4 and 5 (Table 2) were combined and dissolved in 50% (v/v) acetic acid-acetic anhydride (4 ml.); acetylation was effected by adding, with cooling, 1 drop of 8-5N-perchloric acid. After 15 min. the mixture was diluted with water and extracted with ether. Evaporation of the washed and dried (Na2SO4) ether left a gum which was purified by running it through A1203 (S, 5 g.) in benzene (10 ml. Identification of cholic acid. The partly crystalline material from (combined) fractions 6-8 (Table 2) Evidence for the presence of tetrahydroxynorsterocholanic acid. In an early experiment, material eluted from an A1203 (N) column with 10% (v/v) ethanol-ether was recrystallized from ethyl acetate as fine needles, m.p. 174-1750 (Found: C, 71-3; H, 10-3%). This substance ran at the same speed as ethyl cholate on a paper chromatogram in system B5 (Bush, 1952) and had a 'fingerprint' (1200-900 cm.-') infrared spectrum almost identical with that of ethyl cholate. Hydrolysis followed by re-esterification with ethanol of this substance gave a product which, after crystallization from benzene-light petroleum, had m.p. 195-1980. In another experiment, combined fractions [500 mg., 20% (v/v) acetone-ether eluate] from A1203 (N) columns were left for 2 days with cold ether. The crystalline residue left after decantation of ether was washed with cold ether; it then had m.p. 172-176°. This material was recrystallized from aqueous ethanol, light petroleum-acetone (twice), aqueous ethanol and benzene (in that order), finally giving white needles ( This material (5 mg.) was dissolved by gentle warming and left for 2 hr. in ethanol (0.3 ml.) with 5N-KOH (2 drops) and water (1 drop). The solution was diluted with water and treated with excess of 5N-HCI and of NaCl. The gelatinous precipitate was collected, washed with water and dissolved in ethanol. Evaporation left a residue which was warmed with ethyl acetate (about 1 ml.) and filtered after cooling. Repetition of this process finally removed a persistent amorphous impurity and allowed the preparation of a clear solution in about 0 5 ml. of ethyl acetate. On standing, at about 200 and then 50, this deposited the bulk of the product as white needles; solvent was decanted and the crystals were washed with cold ethyl acetate. They then had m.p. 198-2000, depressed to 185-194°by a sample of cholic acid (m.p. 196-1980) , and showed the same behaviour after melting as Kazuno's tetrahydroxynorsterocholanic acid (see below). In another experiment a similar hydrolysis of a sample of crystalline ester gave after treatment of the product with ethyl acetate white needles of m.p. 211-214°, not depressed by Kazuno's acid (below) and showing the same behaviour after melting as this substance.
Tetrahydroxynorsterocholanic acid, given by Professor T. Kazuno of Okayama Medical School, had m.p. 215-217°; at about this m.p. formation of a small amount of fresh crystals could be seen, and these decomposed at about 2980. Kazuno's acid (1-6 mg.) was left in solution for 2 days with 2 % (v/v) H2S04-ethanol (0.2 ml.). The mixture was treated with excess of aqueous NaHCO3 and the solid ester collected and crystallized from dilute ethanol, giving white needles of m.p. 200-203°, not depressed by the above ester, [m.p. 196-200°, prepared 0 75 hr. with Girard's reagent T (100 mg.) in ethanol (3 0 ml.) with acetic acid (0.3 ml.). The oily 'ketones', isolated in the usual way, weighed 65 mg. This material in ethanol (5 ml.) was warmed with 5N-KOH (0.5 ml.) for 0 5 hr. Dilution with water and acidification with 2N-HCl gave semisolid acids which were collected, washed and dissolved in a minimal amount of ethyl acetate. After 9 days solvent was decanted from crystals: the latter (about 1 mg.) had m.p. 186-192°, and from aqueous ethanol gave colourless crystals of m.p. 194-199°. These were methylated with ethereal diazomethane, and the residue, after removal of solvent, was dissolved in CS2. In the range 1200-900 cm.-' the infrared spectrum resembled closely that of methyl deoxycholate (methyl 3a:12a-dihydroxycholanate) and in theregion 1800-1650 cm.-' only one band was present, which was attributed to the carboxylic acid ester. The nature of this substance, evidently carried over from the 'nonketones', has not been further investigated.
Partition chromatography
An attempt was made to separate ethyl cholate and ethyl tetrahydroxynorsterocholanate and their chromic oxidation products on Celite columns as follows. Celite (kieselguhr,
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Hyflo Supercel, Johns-Manville Co. Ltd.) was washed with acid and water as described by Carpenter & Hess (1956) and then dried at 600. For each mixture solvent systems were first found in which the partition coefficient moving phase/ stationary phase was about 0-2. The stationary phase was mixed with the Celite and the whole transferred with excess of moving phase: the column was packed as described by Howard & Martin (1950) . Substances to be separated were dissolved in not more than 0 7 ml. of stationary phase; the solution was run on 0-1 g. of dry Celite, lightly packed on the top of the column as soon as supernatant moving phase had drained from it. Carpenter & Hess's (1956) theoretical treatment enabled a prediction to be made of the volume (VE) needed to elute the desired compounds, and fractions of 2 ml., embodying VB, were collected automatically into weighed tubes. Table 4 Table 5 . Results ofpartition chromatography on Celite columns described in Table 4 Fractions of 2 ml. of effluent were collected. Table 5 ; these are further discussed below. For the Celite column no. 4 (Table 5) , if the 2-7 mg. portion, m.p. 214-227', is taken as ethyl dehydrocholate, the 1-6 mg. portion, m.p. 148-158°, as a substance which when pure would melt at (say) about 1700, and the 3-8 mg., m.p. 140-2160, as being composed of equal weights of the two compounds, then the approximate composition of the mixture recovered from the column was: ethyl dehydrocholate(2-7 + 3.8/2 =4-6mg.), 57 %; substanceof m.p. about 1700 (1.6 + 3.8/2 =3-5 mg.), 43 %.
Eluted material was further treated as follows: Fractions A (Celite column no. 5, Table 5 ) were combined and recrystallized from aqueous ethanol, giving long colourless needles (4 mg.), m.p. 221-223°, not depressed by ethyl dehydrocholate (m.p. 221-223°); fractions B, from the same column, similarly treated, gave fine colourless needles (2 mg.)., m.p. 157-1660; these (1 mg.) were dissolved in CS2 and the infrared spectrum of the solution in the range 1200-900 cm.-' was compared with that similarly obtained from the above specimen of ethyl dehydrocholate. There were definite differences in the spectra, in spite of an overall similarity.
DISCUSSION
Biological. The evolutionary position of penguins has been fully discussed by Simpson (1946) , and the consensus of opinion appears to be that there are no adequate grounds for believing that the line of descent of these birds from reptiles differs from that of the other Carinate birds. Our findings do not conflict with this view, for there is clearly a close resemblance between the bile salts of the King penguin and those of the other birds mentioned in Table 1 . The only obviously different feature is the occurrence in King penguin bile of tetrahydroxynorsterocholanic acid and probably of cholic acid in amounts considerably greater than have been found in the bile of other birds. In preliminary work we have found the same to be true for the bile salts of the Gentoo penguin, Pygosceli8 papua. This difference may have a dietary origin; however, we think it desirable to defer further discussion of the biological significance of the differences in bird bile acids until many more species have been examined and the chemical nature of tetrahydroxynorsterocholanic acid has been elucidated.
Chemical. The most striking chemical finding in the present work is the great similarity between cholic and tetrahydroxynorsterocholanic acids and their ethyl esters. Ohta's (1939b) tetrahydroxynorsterocholanic acid was isolated from the bile of a fish, and so presumably was that used by Isaka (1940) . The sample sent to us by Professor Kazuno was, we believe, obtained from chicken bile by Yamasaki (1951) , who put forward the view that it is identical with Ohta's acid. Our new material is undoubtedly substantially the same as, though less pure than, Kazuno's sample. Our analyses suggest that ethyl tetrahydroxynorsterocholanate may have the formula C2,H4405 : however, the analytical sample certainly contained some ethyl cholate. If the formula C26H4405 proves to be correct, the parent acid, C24H4005, is an isomer of cholic acid. Such isomerism could lie at an asymmetric centre or centres, for example, at C-17 or C-20 in the steroid nucleus. The isomerism, if it exists, is not concerned only with the nuclear hydroxyl groups (which we believe on spectroscopic evidence to be at 3:7oc and 12a: Haslewood & Wootton, 1956) , for if it resided in these groups alone the product obtained by oxidation of 'ethyl tetrahydroxynorsterocholanate' with chromic acid would have been ethyl dehydrocholate, instead of containing, as it did, a large proportion of a quite different substance. We defer further discussion on the chemical nature of tetrahydroxynorsterocholanic acid until more material is available. It is clear that King penguin bile also contains a number of hitherto unknown substances, which may be bile acids. Examples of these are: the substance giving spot 'X' (Table 2), the two compounds mentioned in fractions 33-35 of Table 3 and the non-ketonic substance finally giving an infrared spectrum like that of methyl deoxycholate, described on p. 326. SUMMARY 1. The bile salts of the King penguin (Aptenodite8 patagonica) have been shown to contain chenodeoxycholic, cholic, tetrahydroxynorstero. cholanic and at least four other (unidentified) acids. The proportion of 'cholic-tetrahydroxynorsterocholanic' acids was greater than that reported in the bile of other birds. Apart from this, King penguin bile salts resembled those of the other birds examined by previous workers.
2. An unsuccessful attempt has been made to separate completely by crystallization and partition chromatography the constituents of the 'ethyl cholate-ethyl tetrahydroxynorsterocholanate ' 
